The multi-nucleon transfer reaction mechanism was used to produce and study nuclei in the vicinity of 208 Pb. This mass region is a test case for the nuclear shell model. The mass identification of the fragments was performed with the large acceptance magnetic spectrometer VAMOS++ coupled to the AGATA γ-tracking array. This experiment aimed to determine both lifetimes and gyromagnetic ratios of excited states with the Cologne plunger device. The analysis indicates promising results with the possibility to determine several new lifetimes in this region.
Toward lifetime and g factor measurements of short-lived states in the vicinity of 208 Pb D Ralet
Introduction
The structure around doubly magic nuclei is crucial to understanding nuclear effective interactions. The nuclei in the region around 208 Pb allow some specific tests of the nuclear shell model. In particular, there is strong coupling between the octupole vibration of the 208 Pb core and the adjacent highj orbits. While much is known, the population and identification of many nuclei near 208 Pb is a challenge. For example, 206 Hg with two proton holes in the Z=82 closed shell, has no reduced transition strength (  + + ( ) B E2 : 2 0 ) measured. The last measured gyromagnetic factor (g factor) of shortlived state in the mercury isotopic chain is known for 204 Hg [1] with large uncertainties. A g-factor measurement of low lying excited states of 206 Hg would allow one to deduce the composition of the wave function, and have a direct access to the nature of the excitation.
The work presented here is based on an experiment performed at GANIL to measure lifetimes and g factors in the vicinity of 208 Pb. The nuclei of interest were produced by multi-nucleon transfer reactions. The experimental setup that allowed us to identify the ejectile and measure the emitted γ-rays will be presented in section 2. The preliminary results obtained are given in section 3.
Experiment

A 208
Pb beam at 6.25MeV/A, accelerated by the CSS1 cyclotron, impinged on a 1mg cm −2 thick enriched 100 Mo target. The beam-like ejectiles were detected by the large acceptance spectrometer VAMOS++ [2] positioned at the grazing angle of 26 degrees. The γ-rays from reaction fragments were detected in coincidence with the Advanced Gamma Tracking Array [3] (AGATA), positioned at backward angles. In order to maximize the solid angle coverage, AGATA was placed at 148.5mm from the target, thus 86.5mm closer than its nominal position. Additional details on the AGATA installation in GANIL can be found in [4] .
In VAMOS++, the positions and trajectories of the ions were measured by dual-position sensitive Multi-Wire Proportional Counter [5] (MWPC), positioned at the entrance of the spectrometer, and by a set of four drift chambers (DC), located at the focal plane of the spectrometer. These positions allowed us to reconstruct the trajectories of the ejectiles inside VAMOS++ and to calculate their magnetic rigidity r B . The ions' time-of-flight was measured between the entrance MWPC and the Multi-Wire Parallel Plate Avalanche Counter (MWPPAC) positioned at the VAMOS++ focal plane [2] . The flight path was ∼7.5m. The MWPPAC was segmented in 20 independent sections labeled from 0 (low r B value) to 19 (high r B value). The velocity β of the ions was determined by combining the path of the ions with the time of flight. The mass-over-charge ratio (M/Q) was calculated by:
The mass of the ejectile was determined by the total kinetic energy of the fragment measured by the ionization chambers (IC) at the focal plane of VAMOS++. The magnetic rigidity of the spectrometer was chosen to increase the flight time of the ions through the spectrometer, thus to select low velocity reaction products. As a consequence, the energies of the ions implanted in the IC corresponded to the Bragg peak, thus were not linearly proportional to the mass of the fragment. Therefore, a velocity-dependant correction factor was applied on the energy measured by the ionization chamber. From this mass estimate, we could calculate the charge state Q from equation (1) . The mass of each fragment was refined by inserting the closest integer value of Q in equation (1) .
The Cologne plunger [6] was installed in the reaction chamber with a 2mg cm −2 thick 58 Ni degrader. In addition to a run without degrader foil, data for a total of eight distances from 30 to 4000 μm were recorded. Statistics for each distance are given in table 1. The distances were chosen to cover a large range of lifetimes from 10 to 200ps. This set of distances provided conditions suitable for a gfactor measurement using the recoil in vacuum method in its time-dependent form (TDRIV); see [7, 8] and references therein.
In order to perform the Doppler correction of the γ-ray energies, the angle between the ejectile and the γ-ray (θ) was calculated using the direction given by the entrance MWPC and the direction of the first γ-ray interaction position given by the Orsay Forward Tracking (OFT) algorithm [9] . The time-of-flight of the ions was measured by averaging the time of the particle passing through the entrance detector (MWPC) and the vacuum space inside VAMOS++. The velocity of the ions at the target position was therefore greater than the one measured inside VAMOS++. A correction factor of 6% was applied to the VAMOS++ velocity to perform the Doppler corrections of the γ-ray energy. 
Results
The preliminary analysis showed that it was possible to identify the mass and the charge state of the ejectiles with mass » A 200 with the VAMOS++ spectrometer. As an example, the number of ions identified with mass 207 is given in table 1. Nevertheless, the determination of the proton number was not possible with the spectrometer. The energy of the x-rays measured with the AGATA detectors is a characteristic of the Z that can be used to assign the observed γ-ray to the proper nuclei and to determine the presence of an isobaric contaminant in the γ-ray spectra.
A histogram where the charge state Q is plotted as a function of M/Q was used to determine the mass of the ejectiles. It is shown in figure 1 , and was obtained for the two MWPPAC focal plane detectors (labeled 5 and 6) with the best timing resolution.
The best mass resolution was achieved for the fifth and sixth MWPPAC with a resolution at full width half maximum
The mass identification can also be verified by known γ-ray transitions of the 206, 207, 208 Pb isotopes, favorably populated in this reaction. For instance, in the matrix of figure 2, the transition from the one-phonon octupole state [10] that decays to the ground state of 208 Pb with an energy of 2614keV is observed. For mass 207, we clearly observed the 898keV transition that is assigned [11] to the decay of the Pb was observed with an energy of 803keV [12] .
The γ-ray spectrum shown in figure 3 was obtained with a selection of the mass number 207. In this spectrum, the transitions from the low-spin states decaying to the ground state are clearly identified. The transition with an energy of 2485keV is the decay of the -19 2 excited state of 207 Pb built on top of the + 13 2 isomer [13, 14] . This isomer at 1633keV is suggested to be built on the neutron-hole ni 13 2 . The state at 4119keV decays to this isomer by a 2485keV γ-ray transition and has an octupole character [14] . The lifetime measurement of this state would allow us to determine whether it is a two-phonon vibration-coupled state [10] or not. The number of γ-rays recorded for this transition (see table 1 ) is sufficient to assure the possibility of determining the lifetime of this state, which will be presented in a further publication.
Conclusion
The results presented here show some of the challenges when studying the region around 208 Pb. With VAMOS++, coupled to AGATA, it was possible to investigate this region with multi-nucleon transfer reactions. The work demonstrated the Mass of the ejectile as a function of the Doppler corrected γ-ray energy obtained after OFT tracking [9] . This matrix was obtained for the data set without degrader foil. Pb has a two octupole-phonon character or not. Additional nuclei were populated in this experiment and the gfactor and lifetime measurements of the transitions observed will be presented elsewhere.
